**************** 



* tOT£ 




Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 



Mazdoor Kisan Shakti Sangathan 
"The Right to Information, The Right to Live" 



Jawaharlal Nehru 
'Step Out From the Old to the New" 



IS 14901-8 (2001) : Semiconductor Devices - Discrete Devices 
and Integrated Circuits, Part 8: Field-effect Transistors 
[LITD 5: Semiconductor and Other Electronic Components and 
Devices] 



Satyanarayan Gangaram Pitroda 
Invent a New India Using Knowledge 




5fR TT^ ^TT <sMHI | *ft ^fft ^TRT ^ff ^TT ^T^fT )f 

Bhartrhari — Nltisatakam 
"Knowledge is such a treasure which cannot be stolen" 





BLANK PAGE 




<*i *3f», 




*?W!& 



PROTECTED BY COPYRIGHT 



IS 14901 (Part 8): 2010 
lEC 60747-8:2000 

( wm^m ) 

Indian Standard 

SEMICONDUCTOR DEVICES — DISCRETE 
DEVICES AND INTEGRATED CIRCUITS 

PART 8 FIELD-EFFECT TRANSISTORS 

( First Revision ) 



ICS 31.080.30 



©BIS 2010 

BUREAU OF INDIAN STANDARDS 

MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARG 
NEW DELH1 110002 

February 201 Price Group 1 5 



Semiconductor and Other Electronic Components and Devices Sectional Committee, LITD 05 



NATIONAL FOREWORD 

This Indian Standard {Part 8) (First Revision) which is identical with IEC 60747-8 : 2000 'Semiconductor 
devices — Part 8: Field-effect transistors' issued by the International ESectrotechnical Commission (IEC) 
was adopted by the Bureau of Indian Standards on the recommendation of the Semiconductor and Other 
Electronic Components and Devices Sectional Committee and approval of the Electronics and Information 
Technology Division Council. 

This standard was originally published in 2001 and was based on IEC 60747-8 : 1984 and has now been 
revised to align it with the latest IEC Publication. 

The text of the IEC Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is 
particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be read as 
'Indian Standard'. 

b) Comma (,) has been used as a decimal marker in the International Standards while in Indian Standards, 
the current practice is to use a point {.) as the decimal marker. 

In this adopted standard, reference appears to certain International Standards for which Indian Standards 
also exist. The corresponding Indian Standards which are to be substituted in their respective places are 
listed below along with their degree of equivalence for the editions indicated: 

International Standard Corresponding Indian Standard Degree of Equivalence 

IEC 60747-1 : 1 983'> Semiconductor IS 1 4901 (Part 1 ) : 201 Semiconductor Technically Equivalent 
devices — Descrete devices and devices — Discrete devices and 
integrated circuits — Part 1 : General integrated circuits: Part 1 General {first 

revision) 

IEC 60747-7 : 2000 Semiconductor IS 14901 (Part 7): 2010 Semiconductor Identical 

devices — Part 7: Bipolar transistors devices — Discrete devices and 

integrated circuits: Pert 7 Bipolar 

transistors {first revision) 

Only the English language text in the International Standard has been retained while adopting it in this Indian 
Standard, and as such the page numbers given here are not the same as in the IEC Standard. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final 
value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values {revised)' .The number of significant 
places retained in the rounded off value should be the same as that of the specified value in this 
standard. 



': Since revised in 2006. 
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Indian Standard 

SEMICONDUCTOR DEVICES — DISCRETE 
DEVICES AND INTEGRATED CIRCUITS 

PART 8 FIELD-EFFECT TRANSISTORS 

( First Revision ) 

1 Scope 

This part of IEC 60747 gives standards for the following categories of field-effect transistors: 

- type A: 

- type B: 

- type C: 



junction-gate type; 
insulated-gate depletion type; 
insulated-gate enhancement type. 



2 Normative references 

The following normative documents contain provisions which, through reference in this text, 
constitute provisions of this part of IEC 60747. For dated references, subsequent 
amendments to, or revisions of, any of these publications do not apply. However, parties to 
agreements based on this part of IEC 60747 are encouraged to investigate the possibility of 
applying the most recent editions of the normative documents indicated below. For undated 
references, the latest edition of the normative document referred to applies. Members of IEC 
and ISO maintain registers of currently valid International Standards. 

IEC 60747-1:1983, Semiconductor devices - Discrete devices and integrated circuits - Part 1: 
General 

IEC 60747-7:2000, Semiconductor devices - Part 7: Bipolar transistors 
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3 Classification 

Since a field-effect transistor may have one or several gates, the following classification 

results: 

Field-effect devices 
(a source, a drain, one or several gates) 



Devices with one or 
several P channels 



Junction-gate Schottky Insulated-gate 

devices barrier-gate devices 

devices 



Junction-gate 
devices 



Devices with one or 
several N channels 



Schottky 

barrier-gate 

devices 



Insulated-gate 

devices 



MESFET 

MODFET 

HEMT 



MOSFET 
Other insulated- 
gate FET 



MESFET 

MODFET 

HEMT 



MOSFET 

Other insulated- 
gate FET 



NOTE Schottky barrier-gate and insulated gate devices have depletion type devices and enhancement type 
devices. 

4 Terminology and letter symbols 

For the purpose of this part of IEC 60747, the following definitions and symbols apply: 

4.1 Types of field-effect transistors 

4.1.1 

N -channel field-effect transistor 

a field-effect transistor that has one or more N-type conduction channels 

4.1.2 

P-channel field-effect transistor 

a field-effect transistor that has one or more P-type conduction channels 



4.1.3 

junction-gate field-effect transistor (JFET) 

a field-effect transistor in which: 

- the source and drain regions are connected with each other by the channel region, all 
three being of the same conductivity type; 

- a gate region adjacent to the channel has the opposite conductivity type, thus forming with 
source, channel and drain region a PN junction, and 

- the gate-source voltage controls the conductivity of the conduction channel in the channel 
region by controlling the width of the gate space-charge region and hence also the 
remaining cross-section of the conduction channel 
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4.1.4 

Insulated-gate field-effect transistor (IGFET) 

a field-effect transistor in which: 

- one or more gate electrodes are electrically insulated from the body; 

- the conductivity type of both the source and drain regions is opposite from that of the 
semiconductor body In which they are located; 

- the principal current flows in a channel that is formed by an inversion layer connecting 
source and drain regions; 

- the inversion layer is either already present at zero gate-source voltage or produced within 
the body at sufficiently high forward gate-source voltage by accumulation of the minority 
charge carriers of the body material, and 

- the conductance of the channel is controlled by the gate-source voltage, which controls 
the electric field between gate electrode and the body and hence the amount of 
accumulated minority charge carriers 

4.1.5 

metal-oxide-semiconductor field-effect transistor (MOSFET) 

an insulated-gate field-effect transistor in which the insulating layer between each gate 

electrode and the channel is oxide material 

4.1.6 

depletion-type field-effect transistor 

a field-effect transistor in which an inversion layer present at the surface of the active 
semiconductor region causes an appreciable channel conductance that may be increased 
(decreased) by applying a forward (reverse) gate-source voltage 

4.1.7 

enhancement-type field-effect transistor 

a field-effect transistor having substantially zero channel conductance at zero gate-source 

voltage, and in which a conduction channel may be obtained by applying a sufficiently high 

forward gate-source voltage, which induces an inversion layer below the gate electrode 

4.1.8 

single-gate field-effect transistor 

a field-effect transistor having a gate region, a source region, and a drain region 

NOTE The term may be abbreviated lo "field-effect transistor', if no ambiguity is likely to occur. 

4.1.9 

dual-gate field-effect transistor 

a field-effect transistor having two independent gate regions, a source region, and a drain 

region 

4.1.10 

Schottky-barrier-gate field-effect transistor 

a field-effect transistor in which: 

- the source and drain regions are connected with each other by the channel region, all 
three being of the same conductivity type; 

- one or more gate electrodes each form a Schottky-barrier with the channel region; 

- the gate-source voltage controls the conductance of the conduction channel by varying its 
cross-section 
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4.1.11 

metal-semiconductor field-effect transistor (MESFET) 

a Schottky-barrier-gate field-effect transistor in which the gate electrodes are metal 

4.1.12 

modulation-doped field-effect transistor (MODFET) or high electron mobility transistor 

(HEMT) 

a metal-semiconductor field-effect transistor in which a doped material forms a heterojunction 

with an undoped channel; the doped material supplies electrons to the undoped channel 

whose high electron mobility results in enhanced channel conductance 

NOTE MODFET and HEMT may be used interchangeably. 

4.2 General terms 

4.2.1 Physical region {of a field-effect transistor) 

4.2.1.1 

source region (of a field-effect transistor) 

the physical region that is designed by the manufacturer to contain the supply region under 

the defined operating conditions to which the specifications refer 

4.2.1.2 

drain region (of a field-effect transistor) 

the physical region that is designed by the manufacturer to contain the collection region under 

the defined operating conditions to which the specifications refer 

4.2.1.3 

gate region of an IGFET 

the insulating layer between the gate electrode and the surface of the semiconductor body, 
below which the channel is or may be formed 

4.2.1.4 

gate region of an JFET 

the region below the gate electrode that is of opposite conductivity type from that of the 
source, channel and drain regions 

4.2.1.5 

channel region of a depletion-type IGFET 

the inversion layer technologically placed below the gate region 

4.2.1.6 

channel region of a JFET 

the region between source region and drain region that has the same conductivity type as 

these two regions 

4.2.1.7 

subchannel region of an IGFET 

the region between source region and drain region, excluding the channel region of a 
depletion-type IGFET and all pertinent transition zones 
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4.2.1.8 

substrate (of a JFET or IGFET) 

1} the part of the original material that remains unchanged when the device elements are 
formed upon or within the original material 

NOTE The original material may be a layer of semiconductor material out from a single crystal, a layer of 
semiconductor material deposited on a supporting base, or the supporting base itself. 

2) the original semiconductor material before being processed 

NOTE The intended meaning will become clear from the context in which the term is used, if necessary, 
distinction could be made between the "original substrate" and the "remaining substrate". 

4.2.1.9 

substrate (of a thin film field effect transistor) 

an insulator that supports the source and drain electrodes, the insulating gate layer, and the 
thin semiconductor layer 

4.2.2 Functional regions 

4.2.2.1 

functional source region 

a supply region that delivers principal-current charge carriers into the channel 

4.2.2.2 

functional drain region 

a collection region that acquires principal-current charge carriers from the channel 

4.2.2.3 

channel of a IGFET 

the functional region through which the principal-current charge carriers pass and in which the 
carrier concentration is determined by the gate-source voltage, the principal current being the 
result of the drift field produced by the drain-source voltage 

4.2.2.4 

channel of a JFET 

the functional region through which the principal-current charge carriers pass and whose 
cross-section is determined by the applied gate-source voltage, the principal current being the 
result of the drift field produced by the drain-source voltage 

4.2.2.5 

subchannel space-charge region of an IGFET 

the space-charge region associated with the transition regions between the subchannel region 
on one side, and source region, channel region and drain region on the other side 

4.2.2.6 

functional subchannel region 

the remaining neutral part of the (physical) subchannel region that is confined by the 
surrounding subchannel space-charge region 
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4.3 Terms related to ratings and characteristics 

NOTE When several distinctive forms af a letter symbol exist, the most commonly used form is given. 

4.3.1 

"reverse" and "forward" directions 

here "reverse" means: the direction in which the channel carriers are decreased (depleted), 
and "forward" means: the direction in which the channel carriers are increased (enhanced) 

4.3.2 

threshold voltage (of an enhancement type field-effect transistor) ( Vqs(TO)) 

the gate-source voltage at which the magnitude of the drain current reaches a specified low 

value 

4.3.3 

cut-off voltage (of a depletion type field-effect transistor) ( Vosoff) 

the gate-source voltage at which the magnitude of the drain current reaches a specified low 

value 

4.3.4 

gate cut-off current (of a junction-gate field-effect transistor) 

the current flowing in the gate terminal of a junction field-effect transistor when the gate 
junction is biased in the reverse direction 

4.3.5 

gate leakage current (of an insulated-gate field-effect transistor) 

the leakage current flowing in the gate terminal of an insulated-gate field-effect transistor 

4.3.6 Capacitances 

4.3.6.1 

(short-circuit) Input capacitance C i8S 

the capacitance between the gate and source terminals with the drain terminal short-circuited 

to the source terminal for a.c. signals 

4.3.6.2 

(short-circuit) output capacitance C OM 

the capacitance between the drain and source terminals with the gate terminal short-circuited 
to the source terminal for a.c. signals 

4.3.6.3 

(short-circuit) reverse transfer capacitance C r8 , 

the capacitance between the drain and gate terminals with the source terminal short-circuited 

to the gate terminal for a.c. signals 

4.3.7 

gate-source resistance r QS 

the d.c. resistance between gate and source terminals at specified gate-source and drain- 
source voltages 

4.3.8 

drain-source on-state resistance /b Son 

the d.c. resistance between the drain and source terminals when the FET is in its on-state 
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4.3.9 

gate charge O gs 

the charge required to raise the gate-source voltage from zero to a specified value 

4.4 Letter symbols 

4.4.1 General 

Clauses 2, 3 and 4, chapter V of IEC 60747-1 apply. 



4.4.2 Additional general subscripts 

In addition to the list of recommended general subscripts given in 2.2.1, chapter V of 
IEC 60747-1, the following special subscripts are recommended for field-effect transistors: 

D, d = drain 

G, g = gate 

S, s = source 

B, b; U, u = substrate 

T; th; (TO) = threshold 

4.4.3 List of letter symbols 



Name and designation 


Letter symbol 


Remarks 


4.4.3.1 Voltage 


Drain-source (d.c.) voltage 


Vm 




Gate-source (d.c.) voltage 


Vgs 




Gate-source cut-off voltage (of a junction field-effect 
transistor and of a depletion type insulated-gate 
field-effect transistor) 


^GStOFFli ^GSoff 




Gate-source threshold voltage (of an enhancement 
type insulated-gate field-effect transistor) 


^GSi; V GS(tti)l VGStTO) 




Forward gate-source (d.c.) voltage 


Vqsf 




Reverse gate-source (d.c.) voltage 


^GSR 




Gate-drain (d.c.) voltage 


Vgd 




Source-substrate (d.c.) voltage 


**; ^su 




Drain-substrate (d.c.) voltage 


^ob; v D{1 




Gate-substrate (d.c.) voltage 


Vgb. Vgu 




Gate-gate voltage (for multi-gate devices) 


^31 - G2 




Gate-source breakdown voltage with drain short- 
circuited to source 


V(BR)GSS 
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Name and designation 


Letter symbol 


Remarks 


4.4.3.2 Currents 


Drain (d.c.) current 


'o 




Drain current, at a specified gate-source condition 


'osx 




Drain current, at a specified external gate-source 

resistance 


'OSR 




Drain current, with gate short-circuited to source 


'oss 




Source (d.c.) current 


's 




Source current, at a specified gate-drain condition 


'SDX 




Source current, with gate short-circuited to drain 


'SDS 




Gate (d.c.) current 


la 




Forward gate current 


to 




Gate cut-off current (of a junction field-effect 
transistor), with source open-circuited 


'gdo 




Gate-cut-off current (of a junction field-effect 
transistor), with drain open-circuited 


'oso 




Gate cut-off current (of a junction field-effect 
transistor), with drain short-circuited to source 


'gss 




Gate leakage current (of an insulated-gate 
field-effect transistor), with drain short-circuited 
to source 


'gss 




Gate cut-off current (of a junction field-effect 
transistor), with specified drain-source circuit 
conditions 


'gsx 




Substrate current 


' B ;'u 




4.4.3.3 Power dissipation 


Drain-source (d.c.) power dissipation 


Pds 
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Name and designation 


Letter symbol 


Remarks 


4.4.3.4 Resistances (or conductances) and capacitances 


Drain -source resistance 

Gate-source resistance 

Gate-drain resistance 

Gate resistance (with V DS = or v it = 0) 


rb-S'' fat 

r GSi *g» 

''OO: r gd 

r GSS-' r gs» 




Drain-source on-state resistance 


'DSfONV r dB{on)' r DSon 




Drain-source off-state resistance 


r OS(OFF); T 4»{otty r DSoff 




Open-circuit gate-source capacitance (drain-source 
and gate-drain open -circuited to a.c.) 


Cg>o 




Open-circuit gate-drain capacitance (drain-source 
and gate-source open-circuited to a.c.) 


Cgd 




Open-circuit drain-source capacitance (gate-drain 
and gate-source open-circuited to a.c.) 


Cdso 




Short-circuit input capacitance in common-source 
configuration; gate-source capacitance (drain- 
source snort-circuited to a.c.) 


Qs»; Cn„ 




Short-circuit output capacitance in common-source 
configuration; drain-source capacitance (gate- 
source short-circuited to a.c.) 


^d»»i *^Z2»t 




Short-circuit input conductance in common-source 
configuration 


fflss 




Short-circuit output conductance in common-source 
configuration 


Sow 




Common-source reverse transfer capacitance with 
input short-circuited to a.c. 


Qh' Cl2n 




Short-circuit output capacitance In common-drain 
configuration (gate-drain short-circuited to a.c.) 


CoArn- p2Zd« 
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Name and designation 


Letter symbol 


Remarks 


4.4.3.5 Small-signal parameters (see figures 1, 2 and 3) 


Short-circuit input admittance 


yi1s = Re(y11a) + ift'C 11s 




Short-circuit reverse transfer admittance 


yi2s= Re (/12s) +iejC 12s 




Short-circuit forward transfer admittance 


y fs = Re (yts) + jlm yf9 
/2H = Re (v2l3) + jlm^,, 




Short-circuit output admittance 


y„ = Re (yos ,+ joC , 
y 22l - Re (y 22s) + j«p22« 




Modulus of the short-circuit reverse transfer 
admittance 


lyj; I /ml 




Phase of the short-circuit reverse transfer 
admittance 


9yn'< *Vl2i 




Modulus of the short-circuit forward transfer 
admittance 


1 » . 1 : ly 2 i.! 




Phase of the short-circuit forward transfer 
admittance 


*Vfs". *V21» 




Gate-source conductance 
(in the it equivalent circuit) 


s». 




Gate-drain conductance 
(in the x equivalent circuit) 


9gd 




Drain-source conductance 
(in the Jt equivalent circuit) 


3di 




Forward transconductance 
(in the it equivalent circuit) 


Sms". 9m 




Gate-source capacitance 
(in the n equivalent circuit) 


C B. 




Gate-drain capacitance 
(in the Jt equivalent circuit) 


Cg- 




Drain-source capacitance 
(in the it equivalent circuit) 


c d . 
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Name and designation 


Latter symbol 


Remarks 


4.4.3.5 Small-signal parameters (continued) 


Input reflection coefficient: 

- in common-source configuration 

- in common-gate configuration 

- in common-drain configuration 


s 11s or s is 
s 11g or s ig 
Sudor s id 




Output reflection coefficient; 

- in common-source configuration 

- in common-gate configuration 

- in common-drain configuration 


fi22s or s ds 

S22g Of Sog 

s 22 |j or s d 




Forward transmission coefficient: 

- in common-source configuration 

- in common-gate configuration 

- in common-drain configuration 


S218 or Sf S 

s 21g Or Sfg 
S2td or Sf d 




Reverse transmission coefficient: 

- in common-source configuration 

- in common-gate configuration 

- in common-drain configuration 


Si2s or s rl 
s 12fl or s rg 

Si2<t or s f d 




4.4.3.6 Other parameters 


Power gain 


Gp; G p 




Cut-off frequency (in the common-source 
configuration) 


fya 




Noise voltage 


Vn 




Noise figure 


F 




Temperature coefficient of drain current 


«(D 




Temperature coefficient of drain-source resistance 


«rda 




Turn-on detay time 


^(on) 




Switching times 
(see figure 4) 

'on = f d(on) + 'r 
'off = fyoff) + U 


Turn-off delay time 


f d(off) 


Rise time 


'r 


Fall time 


ff 


Turn-on time 


'on 


Turn-off time 


'off 


Frequency of unity forward transmission coefficient: 

- in common-source configuration 

- in common-gate configuration 

- in common-drain configuration 


f„ or fj s , 

f,g or f isg 

fsd °r lad 


r S!1 = f for U 21 ,| = 1 
/"sa = f for |s 21b I = 1 
f, d = f for |s 21d l = 1 
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Figure 3 

Small-signal y parameters in common-source configuration 
and ji equivalent circuit parameters 
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MJSoiv 






10% 




■d(»it) 



Figure 4 - Switching times 



4.4.3.7 Matched-pair field-effect transistors 



Name and designation 


Letter symbol 


Remarks 


Difference of gate leakage currents (for insulated -gate 
field-effect transistors) and difference of gate cut-off 
currents (for junction field-effect transistors) 


'd - 'G2 


The smaller value is subtracted 
from the larger value 


Ratio of drain currents for zero gate-source voltage 


'dssi ' 'DSS2 


The smaller of the two values is 
taken as the numerator 


Difference of small-signal common-source output 
conductances 


So»1 - 9o*2 


The smaller value is subtracted 
from the larger value 


Ratio of small-signal common-source forward transfer 
conductances 


9ft1 1 9ft2 


The smaller of the two values is 
taken as the numerator 


Difference of gate-source voltages 


^GSI ~ V GS2 


The smaller value is subtracted 
from the larger value 


Change in difference of gate-source voltages between 
two temperatures 


U(V QS f- Vo82>l*r 
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5 Essential ratings and characteristics 

5.1 General 

5.1.1 Device categories 

Field-effect transistors are divided into three categories: 



- type A 

- type B 

- type C 



junction-gate type; 
insulated-gate depletion type; 
insulated-gate enhancement type. 



5.1.2 Multiple-gate devices 

For multiple-gate devices, the required gate ratings and characteristics shall be given for each 
gate separately, except where otherwise stated. 

5.1.3 Handling precautions 

Because of the very high input resistance of field-effect transistors, the gate insulation layer 
(for insulated-gate types) or the gate junction (for junction-gate types) may be irreversibly 
damaged if an excessive voltage is allowed to build up, e.g. due to contact with 
electrostatically charged persons, leakage currents from soldering irons, etc. 

When handling these devices, the handling precautions given in clause 1, chapter IX, of 
IEC 60747-1 shall therefore be observed. 



5.2 Ratings (limiting values) 

5.2.1 Temperatures 

5.2.1.1 Minimum and maximum storage temperatures (7", t g) 

5.2.1.2 Minimum and maximum operating temperature 
(ambient or case) (7 amb or T case ) 

5.2.1.3 Virtual junction temperature (7" V j) (where appropriate) 

Maximum rated value. 

5.2.2 Power dissipation (P tot ) 

5.2.2.1 Maximum total power dissipation (Pt tmax) over the specified range 
of operating temperatures (ambient or case). Any special requirements for 
ventilation and/or mounting shall be stated. 



TYPES 


A 


B 


C 


+ 
+ 

+ 


+ 
+ 

+ 


+ 
+ 

+ 
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Either: 

5.2.2.1.1 A curve showing P t ct max as a function of operating temperature 

(Tamb or Tease). °r (for power MOSFET only}: 

5.2.2.1.2 a) Maximum virtual channel temperature (T V jmax), and 
5.2.2.1.2 b) Absolute limiting value of total power dissipation (Ptotabs). 

NOTE When T vi max and P tot abs are specified ff th and, where appropriate, Z (h should also 
be specified (see the relevant subclauses in 5.3). 

5.2.2.2 For power MOSFET only: 

Maximum peak total power dissipation (PtotM max )- 
A curve, showing Ptotivi™ 3 * {where appropriate). 

5.2.2.3 For power MOSFET only: 

Safe operating area (SOAR) where appropriate, over the specified range of 
operating temperatures, under specified pulse conditions. 

5.2.3 Voltages and currents 

Rating shall be given preferably by a curve over the range of operating 
temperatures, or at 25 °C and one other higher operating temperature, 
chosen from the list in clause 5, chapter IV of IEC 60747-1. 

5.2.3.1 Maximum drain-source voltage, under specified conditions. 

5.2.3.2 Maximum reverse gate-source voltage and, where appropriate, 
maximum forward gate-source voltage, under specified conditions. 

5.2.3.3 Maximum gate-drain voltage, under specified conditions. 

5.2.3.4 Maximum gate-gate voltage (for multiple-gate devices), under 
specified conditions. 

5.2.3.5 For insulated-gate field-effect transistors with separate source 

and substrate terminals (chopper or analog-switch types): 

- maximum gate-substrate voltage, under specified conditions; 

- maximum drain-substrate voltage, under specified conditions; 

- maximum source-substrate voltage, under specified conditions. 

5.2.3.6 Drain current 

5.2.3.6.1 Maximum drain current (/ D ) 

5.2.3.6.2 For power MOSFET only: 

Maximum peak drain current (/dm), under specified pulse conditions. 
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5.2.3.7 Maximum forward gate current 

5.2.3.8 Forward current of the inverse diode (for power MOSFET) in the 
following applications: 

- low-frequency amplifier; 

- switching transistor; 

- chopper; 

- low-level d.c. amplifier. 

5.2.3.8.1 Maximum continuous (d.c.) source current (/s(B)) 

5.2.3.8.2 Maximum peak source current (/sm(B)). under specified pulse 
conditions. 

5.2.4 Mechanical data 

The requirements for mechanical data, valid for other semiconductor 
devices, apply to these devices. 

5.3 Characteristics 

Characteristics are to be given at 25 °C, except where otherwise stated; 
other temperatures should be taken from the list in clause 5, chapter VI of 
IEC 60747-1. 

5.3.1 Characteristics for low-frequency amplifier applications 

5.3.1 .1 Gate cut-off current 

Gate leakage current 

Maximum value, at specified gate-source or drain-gate voltage, other terminal 
connections being specified, at an operating temperature of 25 °C and at one 
specified higher operating temperature. 

Together with; 

Maximum value of the current of all gates connected together, at specified 
gate-source or drain-gate voltage, at an operating temperature of 25 °C and 
at one specified higher operating temperature. 

5.3.1 .2 Drain cut-off current 

Maximum value, at specified drain-source and gate-source voltages, other 
terminal connections being specified, at an operating temperature of 25 "C 
and at one specified higher operating temperature. 

5.3.1.3 Drain current at zero gate-source voltage (/qss) 

Minimum and maximum values, for zero gate-source voltage, at a specified 
drain-source voltage, other terminal connections being specified, at an 
operating temperature of 25 °C and, where appropriate, at one specified 
higher operating temperature. 
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5.3.1.4 Drain current at specified gate-source voltage {Iq) 

Minimum and maximum values, For specified gate-source and drain-source 
voltages, other terminal connections being specified, at an operating 
temperature of 25 °C and, where appropriate, at one specified higher 
operating temperature. 

5.3.1.5 Gate-source cut-off voltage ( VGSoff)) 

Minimum and maximum values of gate-source voltage at which the drain 
current has been reduced to a specified low value, other terminal 
connections being specified, over the range of operating temperatures. 

5.3.1.6 Gate-source threshold voltage (Vgs(to)) 

Minimum and maximum values, at a specified high value of drain-source 
voltage, and at a value of drain current equal to or more than 10 times the 
maximum value of drain current at zero gate voltage, other terminal 
connections being specified, at an operating temperature of 25 °C and, 
where appropriate, at one specified higher operating temperature. 

5.3.1.7 Short-circuit input capacitance (Cj SS ) 

Maximum small-signal value, in common-source configuration, under 
specified bias conditions and at a specified low frequency, with the output 
short-circuited to a.c. 



5.3.1.8 Short-circuit output 
capacitance (g oss , C oss ) 



conductance and, where appropriate, 



Maximum small-signal value, in common-source configuration, under 
specified bias conditions and at a specified low frequency, with the input 
short-circuited to a.c. 

5.3.1.9 Short-circuit feedback capacitance (where appropriate) (C rss ) 

Maximum small-signal value, in common-source configuration, under 
specified bias conditions and at a specified low frequency, with the input 
short-circuited to a.c. 

5.3.1.10 Forward transconductance (cjf S ) 

5.3.1.10.1 (Not applicable to power MOSFET) 

Minimum and maximum values under specified bias conditions and at a 
specified low frequency. 

5.3.1 .1 0.2 For power MOSFET only 

Minimum value, for specified drain-source voltage and drain current, at an 
operating temperature of 25 °C and, where appropriate, at a specified 
higher temperature. 
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5.3.1.11 For low-noise applications, noise voltage and, where appropriate, 
noise figure (V n , F): 

Maximum value, in common-source configuration, under specified condi- 
tions of bias, source resistance, centre frequency and power bandwidth. 

5.3.1.12 Characteristics of the inverse diode (for power MOSFET only) 

5.3.1.12.1 Forward voltage (Vb(B)) 

Maximum value at specified source current (/s(B)) ar| d at Vq s = 0. 

5.3.1.12.2 Reverse recovery time (f r r{B)) 
Maximum value under specified conditions. 

5.3.1.13 For power MOSFET only and when virtual channel temperature 
is quoted as a rating: 

Thermal resistance channel-to-ambient or channel-to-case (/?th<j-amb)) or 
{^thO-case))- 

Maximum value. 

5.3.1.14 For power MOSFET only and when virtual channel temperature 
is quoted as a rating: 

Transient thermal impedance channel-to-ambient or channel-to-case (Z^q. am t > < ) ) 
or (4h(j-case))- 

Maximum value. 

5.3.2 Characteristics for high-frequency amplifier applications 

5.3.2.1 Gate cut-off current 

Gate leakage current 

Maximum value, at specified gate-source or drain-gate voltage, other 
terminal connections being specified, at an operating temperature of 25 °C 
and at one specified higher operating temperature. 

Together with: 

Maximum value of the current of all gates connected together, at specified 
gate-source or drain-gate voltage, at an operating temperature of 25 "C 
and at one specified higher operating temperature. 

5.3.2.2 Drain cut-off current 

Maximum value, at specified drain-source and gate-source voltages, other 
terminal connections being specified, at an operating temperature of 25 "C 
and at one specified higher operating temperature. 
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5.3.2.3 Drain current at zero gate-source voltage {loss) 

Minimum and maximum values, for zero gate-source voltage and a 
specified drain-source voltage, other terminal connections being specified, 
at an operating temperature of 25 "C and, where appropriate, at one 
specified higher operating temperature. 

5.3.2.4 Drain current at specified gate-source voltage (fosx) 

Minimum and maximum values, for specified drain-source voltage, other 
terminal connections being specified, at an operating temperature of 25 °C 
and, where appropriate, at one specified higher operating temperature. 

5.3.2.5 Gate-source cut-off voltage (VQg ff) 

Minimum and maximum values of gate-source voltage at which the drain 
current has been reduced to a specified low value, other terminal 
connections being specified, over the range of operating temperatures. 

5.3.2.6 Gate-source threshold voltage (vqs(to)) 

Minimum and maximum values, at a specified high value of drain-source 
voltage, and at a value of drain current equal to or more than 10 times the 
maximum value of drain current at zero gate voltage, other terminal 
connections being specified, at an operating temperature of 25 q C and, 
where appropriate, at one specified higher operating temperature. 

5.3.2.7 y-parameters 

5.3.2.7.1 For all FETs under specified values of bias and frequency: 
yi s - real and imaginary parts, maximum values; 

y os - real and imaginary parts, maximum values; 

yts - real and imaginary parts, minimum and maximum values 
(see also 5.3.2.7.2); 

y rs - real and imaginary parts, maximum values; 

5.3.2.7.2 For power MOSFET as alternative to yf S transconductance (flf s ): 

Minimum value, for specified drain-source voltage and drain current, at an 
operating temperature of 25 X and, where appropriate, at a specified 
higher temperature. 

5.3.2.8 Noise figure {F) 

Maximum value, under specified conditions of bias, source impedance, centre 
frequency and power bandwidth. These conditions must be those which provide 
the lowest value of the noise figure. 
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5.3.2.9 For power MOSFET only and when virtual channel temperature is 
quoted as a rating: 

Thermal resistance channel-to-ambient or channel-to-case (Rth(j-amb)) or (^th(j-case))' 

Maximum value. 

5.3.2.10 For power MOSFET only and when virtual channel temperature is 
quoted as a rating: 

Transient thermal impedance channel-to-ambient or channel-to-case (^ih(j-amb)) 

or (^th(j-case))- 

Maximum value. 

5.3.3 Characteristics for switching applications 

5.3.3.1 Gate cut-off current 

Gate leakage current 

Maximum value, at specified gate-source or drain-gate voltage, other 
terminal connections being specified, at an operating temperature of 25 °C 
and at one specified higher operating temperature. 

Together with: 

Maximum value of the current of all gates connected together, at specified 
gate-source or drain-gate voltage, at an operating temperature of 25 °C and 
at one specified higher operating temperature. 

5.3.3.2 Drain cut-off current 

Maximum value, at specified drain-source and gate-source voltages, other 
terminal connections being specified, at an operating temperature of 25 °C 
and at one specified higher operating temperature. 

5.3.3.3 Gate-source cut-off voltage { Vosoff) 

Minimum and maximum values of gate-source voltage at which the drain 
current has been reduced to a specified low value, other terminal 
connections being specified, over the range of operating temperatures. 

5.3.3.4 Gate-source threshold voltage ( v* G s(to)) 

Minimum and maximum values, at a specified high value of drain-source 
voltage and at a value of drain current equal to or more than 10 times the 
maximum value of drain current at zero gate-voltage, other terminal 
connections being specified, at an operating temperature of 25 °C and, 
where appropriate, at one specified higher operating temperature. 



TYPES 



20 



IS 14901 (Part 8): 2010 
IEC 60747-8:2000 



5.3.3.5 On-state characteristics 

5.3.3.5.1 Drain-source on-state voltage; 

(Vbs(on)) 
Drain-source saturation voltage 

Maximum value, at a specified large value of drain current and gate-source 
voltage, at an operating temperature of 25 °C and, where appropriate, at a 
specified higher temperature. 

or (for power MOSFET only): 

5.3.3.5.2 Drain-source on-state resistance (rbs(on)) 

Maximum value, at a specified large value of drain current and gate-source 
voltage, at an operating temperature of 25 °C and, where appropriate, at a 
specified higher temperature. 

5.3.3.6 Small-signal gate-source capacitance at a specified frequency 

a) Maximum value, under the electrical conditions specified in 5.3.3.1. 

b) Where appropriate, maximum value, under the electrical conditions 
specified in 5.3.3.5 and with the drain-source voltage equal to the drain- 
source saturation voltage. 

5.3.3.7 Small-signal drain-source capacitance at specified frequency 

a) Maximum value under the electrical conditions specified in 5.3.3.1 . 

b) Where appropriate, maximum value under the electrical conditions 
specified in 5.3.3.5 and with the drain-source voltage equal to the drain- 
source saturation voltage. 

5.3.3.8 Small-signal gate-drain capacitance at specified frequency 

a) Maximum value under the electrical conditions specified in 5.3.3.1. 

b) Where appropriate, maximum value under the electrical conditions 
specified in 5.3.3.5 and with the drain-source voltage equal to the drain- 
source saturation voltage. 

5.3.3.9 Switching times (see figure 5) 

They are stated under the following conditions: 

a) common-source configuration; 

b) specified condition in which output loading capacitance and resistance 
shall be included; 

c) input pulse transition times, amplitude and repetition frequency to be 
specified; 

d) VGSfoff-state) must De greater than or equal to the maximum gate-source cut- 
off voltage for type A and B devices, or lower than the minimum gate-source 
threshold voltage for type C devices; 

e) VGS(on-state) must correspond to a high drain current. 

- Maximum values of: (d( n). 'r> 'd(off) and 'f separately. 

NOTE Where ( d(off) is only a small fraction of the total turn-off time (^J, a maximum 
value for t^ alone is adequate. 
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5.3.3.10 Characteristics of the inverse diode (for power MOSFET) only 

5.3.3.10.1 Forward voltage (1/d(B)) 

Maximum value at specified source current (/s(B)) and at 1/qs = 0- 

5.3.3.10.2 Reverse recovery time (f rr {B)) 
Maximum value under specified conditions. 

5.3.3.10.3 Peak value of reverse recovery current (/srrm) 
Maximum value under specified conditions. 

5.3.3.11 For power MOSFET only and when virtual channel temperature 
is quoted as a rating: 

Thermal resistance channel-to-ambient or channel-to-case (ffmo-amb)) or 

CthG-case))- 

Maximum value. 

5.3.3.12 For power MOSFET only and when virtual channel temperature 
is quoted as a rating: 

Transient thermal impedance channel-to-ambient or channel-to-case (Zth(j- a mb)) 

or {-Zth(j-case))' 

Maximum value. 

5.3.4 Characteristics for chopper applications 

5.3.4.1 Gate cut-off current 

Gate leakage current 

Maximum value, at specified gate-source or drain-gate voltage, other 
terminal connections being specified, at an operating temperature of 25 "C 
and at one specified higher operating temperature. 

Together with: 

Maximum value of the current of all gates connected together, at specified 
gate-source or drain-gate voltage, at an operating temperature of 25 "C and 
at one specified higher operating temperature. 

5.3.4.2 Drain-source on-state voltage {saturation voltage) or drain-source 
on-state resistance. 

Maximum value, at specified low values of drain current, for both polarities, 
and at a specified gate-source voltage. 
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5.3.4.3 Drain cut-off current or drain-source off-state resistance 

Maximum value of drain-source cut-off current (or alternatively, minimum 
value of drain-source off-state resistance), at specified low values of drain- 
source voltage for both polarities and at a specified gate-source voltage. 
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5.3.4.4 Drain-source capacitance (Ca s ) 

Maximum value, at zero drain-source voltage and at a specified gate- 
source voltage or, where appropriate, source-case capacitance and drain- 
case capacitance 

5.3.4.5 Gate-drain capacitance (C gd ) 

Maximum and, where appropriate, minimum value(s) at zero drain-source 
voltage and at a specified gate-source voltage. 

5.3.4.6 Forward transconductance (<jf S ) (for power MOSFET only) 

Minimum value, for specified drain-source voltage and drain current, at an 
operating temperature of 25 °C and, where appropriate, at a specified 
higher temperature. 

5.3.4.7 Characteristics of the inverse diode (for power MOSFET only) 

5.3.4.7.1 Forward voltage (Vb(B))- Maximum value at specified source 
current (/s(B)) and at V GS = 0. 

5.3.4.7.2 Reverse recovery time (f r r(B))- 
Maximum value under specified conditions. 

5.3.4.8 For power MOSFET only and when virtual channel temperature is 
quoted as a rating: 

Thermal resistance channel-to-ambient or channel-to-case (/?ih{j-amb)) or 

flh(j-casa))- 
Maximum value. 

5.3.4.9 For power MOSFET only and when virtual channel temperature is 
quoted as a rating: 

Transient thermal impedance channel-to-ambient or channel-to-case 
(■Zth{j-amt>)) or (Z^o-case))- 

Maximum value. 
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5.3.5 Characteristics for low-level d.c. amplifier applications 

5.3.5.1 Gate cut-off current 

Gate leakage current 

Maximum value, at specified gate-source of drain-gate voltage, other 
terminal connections being specified, at an operating temperature of 25 °C 
and at one specified higher operating temperature. 

Together with: 

Maximum value of the current of all gates connected together, at specified 
gate-source or drain-gate voltage, at an operating temperature of 25 °C and 
at one specified higher operating temperature. 

5.3.5.2 Drain cut-off current 

Maximum value, at specified drain-source and gate-source voltages, other 
terminal connections being specified, at an operating temperature of 25 °C 
and at one specified higher operating temperature. 

5.3.5.3 Drain current at zero gate-source voltage (loss) 

Minimum and maximum values, at a specified drain-source voltage, other 
terminal connections being specified, at an operating temperature of 25 °C 
and, where appropriate, at one specified higher operating temperature. 

5.3.5.4 Drain current at specified gate-source voltage (/nsx) 

Minimum and maximum values, for specified gate-source and drain-source 
voltages, other terminal connections being specified, at an operating 
temperature of 25 °C and, where appropriate, at one specified higher 
operating temperature. 

5.3.5.5 Gate-source cut-off voltage (V G s ff) 

Minimum and maximum values of gate-source voltage at which the drain 
current has been reduced to a specified low value, other terminal 
connections being specified over the range of operating temperature. 

5.3.5.6 Gate-source threshold voltage (Vgs(TO)) 

Minimum and maximum values, at a specified high value of drain-source 
voltage and at a value of drain current equal to or more than 10 times the 
maximum value of drain current at zero gate voltage, other terminal 
connections being specified, at an operating temperature of 25 °C and, 
where appropriate, at one specified higher operating temperature. 



TYPES 


A 


B 


C 


+ 








+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 

> 



25 



IS 14901 (Part 8): 2010 
IEC 60747-8:2000 



5.3.5.7 Noise voltage (where appropriate) (V n ) 

Maximum value in common-source configuration, under specified circuit 
conditions. 

5.3.5.8 Forward transconductance (c/f S ) (for power MOSFET only) 

Minimum value, for specified drain-source voltage and drain current, at an 
operating temperature of 25 °C and, where appropriate, at a specified 
higher temperature. 

5.3.5.9 Characteristics of the inverse diode (for power MOSFET only) 

5.3.5.9.1 Forward voltage (Vb(B)) 

Maximum value at specified source current {/s<b)) and al ^gs = 0. 

5.3.5.9.2 Reverse recovery time (f r r(B)) 
Maximum value under specified conditions. 

5.3.5.10 For power MOSFET only and when virtual channel temperature is 
quoted as a rating: 

Thermal resistance channel-to-ambient or channel-to-case (Rth(j-amb)) or 
{"thfj-case))- 

Maximum value. 

5.3.5.11 For power MOSFET only and when virtual channel temperature is 
quoted as a rating: 

Transient thermal impedance channel-to-ambient or channel-to-case 
(-Zih(j-amb)) or (^th(j-case))- 

Maximum value. 

5.3.6 Characteristics for voltage-controlled resistor applications 

5.3.6.1 Gate cut-off current 

Gate leakage current 

Maximum value, at specified gate-source or gate-drain voltage, other 
terminal connections being specified, at an operating temperature of 25 °C 
and at one specified higher operating temperature. 

5.3.6.2 Small-signal drain-source resistance (/- ds ) 

Minimum and maximum small-signal values, at zero drain-source voltage 
and at two or more specified gate-source voltages, at an operating 
temperature of 25 °C and at one specified higher operating temperature. 
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5.3.6.3 Non-linearity distortion factor of drain-source small-signal 
resistance, where appropriate 

Maximum value (total or individual harmonic contents), at specified drain- 
source and gate-source voltages and at specified drain-source a.c. signal, 
at an operating temperature of 25 °C and at one specified higher operating 
temperature. 

5.3.6.4 Temperature coefficient of the small-signal drain-source resistance 
Typical value. 

5.3.6.5 Capacitances at a specified low frequency 

a) Drain-source capacitance 

Maximum small-signal value, at zero drain-source voltage, at a 
specified gate-source voltage, with the gate short-circuited for a.c. to 
the source. 

b) Drain-gate capacitance 

Maximum small-signal value at zero drain-source voltage, at a 
specified gate-source voltage, with the gate short-circuited for a.c. to 
the source. 

c) Gate-source capacitance (where appropriate) 

Maximum small-signal value at zero drain-source voltage, at a 
specified gate-source voltage, with the drain short-circuited for a.c. to 
the source 

5.3.6.6 Forward transconductance (gf S ) (for power MOSFET only) 

Minimum value, for specified drain-source voltage and drain current, at an 
operating temperature of 25 °C and, where appropriate, at a specified 
higher temperature. 

5.3.6.7 For power MOSFET only and when virtual channel temperature is 
quoted as a rating: 

Thermal resistance channel-to-ambient or channel-to-case (/?th(j-amb)) 

° r (Rth{j-case))- 

Maximum value. 

5.3.6.8 For power MOSFET only and when virtual channel temperature is 
quoted as a rating: 

Transient thermal impedance channel-to-ambient or channel-to-case 

(3h(j-amb)) Or (Zth(j-'case))- 

Maximum value. 
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5.3.7 Specific characteristics of matched-pair field-effect transistors 
for low-frequency differential applications 

5.3.7.1 Difference of gate cut-off currents 

Difference of gate leakage currents (/qi - /g2) 

Maximum absolute value, at specified drain-gate or drain-source voltage 
and drain current. 

5.3.7.2 Ratio of drain currents 

5.3.7.2.1 Ratio of drain currents for zero gate-source voltage 

(/DSS1 "dSS2) 

Minimum value of the ratio of the drain currents, at a specified drain-source 
voltage and zero gate-source voltage. 

5.3.7.2.2 Ratio of drain currents for specified gate-source voltage 

Minimum value of the ratio of the drain currents, at specified drain-source 
and gate-source voltages. 

NOTE This ratio should be stated as the smaller value divided by the larger value. 

5.3.7.3 Difference of small-signal common-source output 
conductances, where appropriate (g os1 - g ,z) 

Maximum absolute value of the difference of the output conductances, at 
specified drain-gate or drain-source voltage, drain current, and frequency. 

5.3.7.4 Ratio of small-signal common-source forward 
transconductances (£frsi - 0Ft2) 

Minimum value of the ratio of forward transconductances, at specified 
drain-gate or drain-source voltage, drain current, and frequency 

NOTE This ratio should be stated as the smaller value divided by the larger value. 

5.3.7.5 Difference of gate-source voltages ( Vqsi ~ ^GS2) 

Maximum absolute value of the difference of the gate-source voltages, at 
specified drain-gate or drain-source voltage and drain current. 

5.3.7.6 Change In difference of gate-source voltages between two 
temperatures ( | A{V G si - Vgs2) Lr) 

Maximum absolute value of the change of the difference of the gate-source 
voltages (as in 5.3.7.5) between two specified temperatures, at the same 
specified drain-gate or drain-source voltage and drain current. 
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5.4 Application data 

5.4.1 Intermodulation and AGC 

For high-frequency applications and for all three categories of devices, some indication of the 
intermodulation and AGC characteristics, appropriate to the intended device application, must 
be given. This should cover a suitable range of source currents and frequencies. 

6 Measuring methods 

6.1 General 

6.1.1 Polarity 

The polarities of the power supplies, shown in the circuits in this standard, are applicable to 
N-channel type devices. However, the circuits can be adapted for P-channel type devices by 
changing the polarities of the meters and the power supplies. 

6.1.2 General precautions 

The general precautions listed in clause 1, chapter VII of IEC 60747-1 apply. In addition, 
special care should be taken to use low-ripple d.c. supplies and to decouple adequately all 
bias supply voltages at the frequency of measurement. 

For four-terminal devices, the fourth terminal should be connected as specified. 

6.1.3 Handling precautions 

Because of the very high input resistance of field-effect transistors, the gate insulation layer 
(for insulated-gate types) or the gate junction (for junction-gate types) may be irreversibly 
damaged if an excessive voltage is allowed to build up, e.g. due to contact with 
electrostatically charged persons, leakage currents from soldering irons, etc. 

When handling these devices, the handling precautions given in clause 1, chapter IX, of 
IEC 60747-1. 

6.1.4 Type categories 

See clause 3. 

6.2 Gate cut-off current or gate leakage current 

6.2.1 Gate cut-off current of junction-gate type (type A) 

6.2.1.1 Purpose 

To measure the gate cut-off current of a junction-gate field-effect transistor, under specified 
conditions. 
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6.2.1.2 Circuit diagram 
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Figure 6 - Basic circuit for the measurement of gate cut-off current 

6.2.1.3 Measurement procedure 

The drain-source voltage is set to the specified value (if this voltage is specified as zero, drain 
and source terminals should be short-circuited). The gate cut-off current is measured at the 
specified gate-source voltage, using a sensitive ammeter for Iq. 

6.2.1.4 Specified conditions 

- Ambient or reference-point temperature. 

- Gate-source voltage. 

- Drain-source voltage. 

6.2.2 Gate leakage current of insulated-gate type (types B and C) 

6.2.2.1 Purpose 

To measure the leakage current of an insulated-gate field-effect transistor, under specified 
conditions. 

6.2.2.2 Circuit diagram 
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Figure 7 - Basic circuit for the measurement of gate leakage current 
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6.2.2.3 Circuit description and requirements 



The source and substrate terminals are connected together. R is a protective resistor. The 
value of resistor R-^ should be smaller than Vgs/100 / GS max. Voltmeter V-\ should have a high 
sensitivity and an input resistance of more than 100 times R-\. The gate leakage current is 
given by: 



'gs 



V, 



6.2.2.4 Precautions to be observed 

a) The entire circuit should be placed inside an electrostatic screer 

b) Special care should be taken to avoid incorrect measurements caustl by leakage currents 
occurring between the gate terminal and any other node in the circuit. 

6.2.2.5 Measurement procedure 

The drain-source voltage is adjusted to the specified value. 

The voltage V*\ is measured at the specified gate-source voltage and the value of gate 
leakage current is calculated. 

6.2.2.6 Specified conditions 

- Ambient or reference-point temperature. 

- Gate-source voltage. 

- Drain-source voltage. 

6.3 Drain current (types A, B and C) (/ D ) 
6.3.1 Purpose 

To measure the drain current of a field-effect transistor, under specified conditions. 



6.3.2 Circuit diagram 



h 







n^- 


-0-tH r-| 


Vgg 


/ 

+ 


mZV gs 


CD"-, 


+ 



V 



Figure 8 - Basic circuit for the measurement of drain current 



6.3.3 Circuit description and requirements 
R is a protective resistor. 

6.3.4 Precautions to be observed 

See general precautions. 
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6.3.5 Measurement procedure 

The specified gate-source voltage is applied to the gate. If this voltage is specified as zero, 
the gate should be short-circuited to the source. 

The drain current is measured at the specified drain-source voltage. 

6.3.6 Specified conditions 

- Ambient or reference-point temperature. 

- Gate-source voltage. 

- Drain-source voltage. 

6.4 Drain cut-off current (types A, B and C) 

6.4.1 Purpose 

To measure the drain cut-off current of a field-effect transistor, under specified conditions. 

6.4.2 Circuit diagram 

The circuit of figure 8 may be used for this measurement. 

6.4.3 Precautions to be observed (for types B and C) 

The entire circuit should be placed inside an electrostatic screen. 

6.4.4 Measurement procedure 

The drain current is chosen so that the device is operating in the cut-off region. 

6.4.5 Specified conditions 

- Ambient or reference-point temperature. 

- Gate-source voltage. 

- Drain-source voltage. 

6.5 Gate-source cut-off voltage (types A and B) (Vbsoff) 

6.5.1 Purpose 

To measure the gate-source cut-off voltage, under specified conditions. 

6.5.2 Circuit diagram 

The circuit of figure 8 may be used for this measurement. 

6.5.3 Precautions to be observed 

The entire circuit should be placed inside an electrostatic screen. 



32 



IS 14901 (Part 8): 2010 
IEC 60747-8 : 2000 

6.5.4 Measurement procedure 

The specified drain-source voltage is applied. 

NOTE An additional substrate-source voltage may be applied if necessary. 

The gate-source voltage is adjusted to obtain the specified drain current in the cut-off region. 
This is the required value of the gate-source cut-off voltage. 

6.5.5 Specified conditions 

- Ambient or reference-point temperature. 

- Drain-source voltage. 

- Drain current. 

6.6 Gate-source threshold voltage (type C) (VgS(to)) 

6.6.1 Purpose 

To measure the gate-source threshold voltage, under specified conditions. 

6.6.2 Circuit diagram 

The circuit of figure 8 with suitable shield may be used for this measurement, except that the 
polarity of the gate-source voltage should be reversed. 

6.6.3 Precautions to be observed 

The entire circuit should be placed inside an electrostatic screen. 

6.6.4 Measurement procedure 

The specified drain-source voltage is applied. 

The gate-source voltage is adjusted to obtain the specified drain current. This is the required 
value of the gate-source threshold voltage. 

6.6.5 Specified conditions 

- Ambient or reference-point temperature. 

- Drain-source voltage. 

- Drain current. 

6.7 Small-signal short-circuit Input capacitance (types A, B and C) (C| mt ) 

6.7.1 Purpose 

To measure the small-signal input capacitance of a field-effect transistor, under specified 
conditions. 
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6.7.2 Circuit diagram 




Figure 9 - Basic circuit for the measurement of small-signal 
short-circuit input capacitance 

6.7.3 Circuit description and requirements 

A capacitance bridge is used for this measurement. 

If the bridge cannot (or should not) pass d.c, the alternative (shunt) bias circuit shown in 
figure 10 may be used. 




Figure 10 - Alternative circuit for measurement of small-signal 
short-circuit input capacitance 

Capacitances C-\ and Ci should present short circuits at the measurement frequency, 
satisfying the following conditions: 

®C\ » I y,s I 
vC 2 » I y os I 
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6.7.4 Precautions to be observed 

See genera! precautions. 

6.7.5 Measurement procedure 

With no device in the measurement socket, the zero adjustments of the bridge are made. 

The device to be measured is then inserted into the measurement socket. The drain-source 
voltage (Vqs) and the gate-source voltage (Vgs) are adjusted to obtain the specified bias 
conditions. 



The bridge is rebalanced, and the change in the capacitance reading is the value of the small- 
signal short-circuit input capacitance. 

6.7.6 Specified conditions 

- Drain-source voltage. 

- Gate-source voltage. 

- Frequency of measurement. 

6.8 Small-signal short-circuit output conductance (type A, B and C) (g oss ) 

6.8.1 Purpose 

To measure the small-signal output conductance, under specified conditions. 

6.8.2 General 

Two alternative circuits are described, one using a null method, the other using the two- 
voltmeter principle. 

The first method requires an admittance bridge but has the advantage that g osa may be 
measured at high and low frequencies, and that both g ass and C oss may be measured 
simultaneously. 

The second method simply measures the modulus of y os = g oss + \(oC oss which is identical 
with g oss for sufficiently low frequency. 

6.8.3 Null method 
6.8.3.1 Circuit diagram 



/go / /gsMM = = 
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Figure 1 1 - Basic circuit for the measurement of the output conductance g oss 

(null method) 

35 



IS 14901 (Part 8): 2010 
IEC 60747-8:2000 

6.8.3.2 Circuit description and requirements 

The admittance bridge is used for this measurement. 

Capacitances C-\ and C2 should present short circuits at the measurement frequency, 
satisfying the following conditions: 

toC, » lyjgl 
oiC 2 » |y os ! 

6.8.3.3 Precautions to be observed 

See general precautions. 

6.8.3.4 Measurement procedure 

With no device in the measurement socket, the zero adjustments of the bridge are made. 

The device to be measured is then inserted into the measurement socket; the drain-source 
voltage (l/bs) and the gate-source voltage (I/qs) are adjusted to obtain the specified bias 
conditions with the push-button P closed. 

With the push-button P open, the bridge is rebalanced, and the values of g oss or Re (y os ) and 
Im (y os ), if needed, are then read. 

6.8.3.5 Specified conditions 

- Drain-source voltage. 

- Gate-source voltage or drain current. 

- Frequency of measurement. 

6.8.4 Two-voltmeter method 
6.8.4.1 Circuit diagram 




P = push-button 

Figure 12 - Basic circuit for the measurement of the output conductance g »% 

(two-voltmeter method) 
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6.8.4.2 Circuit description and requirements 

All bias voltages applied should be adequately decoupled at the frequency of measurement. 

The value of coC-\ should be much larger than I y\ s I ; the value (0C2 should be high. 
Inductance L is optional; its use facilitates the adjustment of the specified operating point. 

Resistor /?-| should be sufficiently low with respect to ; practically, a value of 10 n to 

9 oss 

100 Q, will be used, in accordance with the voltmeter sensitivity. 

The a.c. voltmeter should have sufficient sensitivity; for the measurement or low 
conductances, it should preferably be a selective instrument. 

6.8.4.3 Precautions to be observed 

See general precautions. 

6.8.4.4 Measurement procedure 

The device to be measured is inserted into the measurement socket; the drain-source voltage 
(V DS ) and the gate-source voltage (V GS ) are adjusted to obtain the specified bias conditions 
with the push-button P closed. 

With the switch S in position 1, the value Vi = la R^ is measured, while with the switch S in 
position 2, the value V 2 = V ds + / d R1 is measured. 

Thus: V 2 - V\ = fds 

'k- 1 - R^y^RiV (forV2>>Vi) 

For sufficiently low frequencies: |y os | -g oss . 

6.8.4.5 Specified conditions 

- Drain-source voltage. 

- Gate-source voltage or drain current. 

- Frequency of measurement. 

6.9 Small-signal short-circuit output capacitance (type A, B and C) (C 0M ) 

6.9.1 Purpose 

To measure the small-signa) short-circuit output capacitance, under specified conditions. 
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6.9.2 General 

As mentioned in 6.8.2 and 6.8.3.2, the method of 6.8.3 may also be used for the measurement 
of Cq SS . However, it is often preferable to use a separate method of measurement for C oss , 
especially when the method of 6.8.4 is used for the measurement of g oss . 

6.9.3 Circuit diagrams 



Vgg 
A 



0f 



Vgs 








Capacitance bridge 



Figure 13 - Basic circuit for measurement of short-circuit output capacitance 

If the capacitance bridge cannot (or should not) carry d.c, the alternative circuit shown in 
figure 14, should be used. 




Figure 14 - Alternative circuit for measurement of short-circuit output capacitance 

6.9.4 Circuit description and requirements 

A capacitance bridge is used, thus making it possible to apply a null method. C2 should be 
much larger than C oss and taC^, much larger than Itfal. 

The impedance of L should be sufficiently high, so that it is possible to compensate it by the 
bridge adjustments. The d.c. resistance should be low compared to the output resistance of 
the device. Alternatively, a suitable tuned parallel resonant circuit (or, at very low drain 
currents, a suitable resistor) may be used. 

6.9.5 Precautions to be observed 

See general precautions. 
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6.9.6 Measurement procedure 

With no device in the measurement socket, the zero adjustments of the capacitance bridge 
are made. 

The device to be measured is then inserted into the measurement socket; Vqs arid Vq$ (or / D ) 
are adjusted to the specified values. 

The bridge is rebalanced; the difference of the capacitance readings of this adjustment and 
that with no device in the measurement socket yields the value of C oss . 

6.9.7 Specified conditions 

- Drain-source voltage. 

- Gate-source voltage or drain current. 

- Frequency of measurement. 

6.10 Small-signal short-circuit forward transconductance (types A, B and C) 

6.10.1 Purpose 

To measure the small-signal short-circuit forward transconductance, under specified 
conditions. 

6.10.2 General 

Two alternative circuits are described, one using a null method, the other using the two- 
voltmeter principle. 

- The first method needs a three-pole transfer admittance bridge, but has the advantage 
that flff S , may be measured at low frequencies, as well as /f S = Of a + jbf S at high 
frequencies. Furthermore, it guarantees a real short circuit at the output. 

- The second method simply measures the modulus of yfe, which is identical with g ts for 
sufficiently low frequencies. 

6.10.3 Null method 
6.10.3.1 Circuit diagram 




Three -po la, 
transfer admittance bridge 



WZP, 



Figure 15 - Circuit for the measurement of short-circuit forward transconductance g^% 
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6.10.3.2 Circuit description and requirements 

All bias supply voltages applied should be adequately decoupled at the frequency Of 

measurement. 

The value of aC^ should be much larger than | yi s | and the value of 0C2 should be much 
larger than |y os |. 

Ri should be much larger than the internal impedance of the bridge, in order not to affect the 
measurement accuracy. 

/?2 should be much larger than the internal resistance of the detector, but nevertheless 
sufficiently lower than 1/yf s , in order not to affect the measurement sensitivity. 

The values of <wC3 and (0C4 should be much larger than |yf s | to be measured. 

The internal resistance of the voltmeter Vbs should be much larger than Vqq/Iq. 

6.10.3.3 Precautions to be observed 

See general precautions. 

6.10.3.4 

With no device in the measurement socket, the zero adjustments of the bridge are made. 

The device to be measured is then inserted into the measurement socket; vbs ar >d Kss (or Iq) 
are adjusted to the specified values. 

The bridge is rebalanced, and the values of gf S , or Re (yf s ) and Im (yf S ) if needed, are then 
read. 

6.10.3.5 Specified conditions 

- Drain-source voltage. 

- Gate-source voltage or drain current. 

- Frequency of measurement. 
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Figure 16 - Circuit for the measurement of forward transconductance g^ a 

(two -voltmeter method) 

6.10.4.2 Circuit description and requirements 

A suitable oscillator should be used, the frequency of which should be sufficiently low. 

The value of resistor (oC$ and (0C2 should be much greater than 1//?o- The value of aC^ 
should be high. 

The value of resistor Rq is not critical; it should preferably not be too high. 



Resistance Rq must be low compared with 



1 

y s 



Voltmeter V (see figure 16) should have sufficient sensitivity; for the measurement of low 
values of Of S , it should preferably be a selective instrument. 

6.10.4.3 Precautions to be observed 

See general precautions. 

6.10.4.4 Measurement procedure 

The device to be measured is inserted into the measurement socket; Vbs a nd ^GS ( or 'd) a re 
adjusted to the specified values. 

With the switch S in position 1, the value V1 = V g3 is measured, while with the switch S in 
position 2, the value V2 = Vd 9 + /j Rd is measured. 



Thus: 



l/fsl 



<d _ V 2 



Vg* V,/? d 



For sufficiently low frequencies: | y^ | ~ fffs- 
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6.10.4.5 Specified conditions 

- Drain-source voltage. 

- Gate-source voltage or drain current. 

- Frequency of measurement. 

€.11 Small-signal short-circuit feedback capacitance (types A, B and C) [C n ) 

6.11.1 Purpose 

To measure the small-signal short-circuit feedback capacitance, under specified conditions. 

6.11.2 Circuit diagram 

6.11.2.1 Figure 17 shows an example of the circuit to be used. A differential transformer 
bridge is used. 




Figure 17 - Circuit for measurement of feedback capacitance C rs 



6.11.2.2 If the bridge cannot (or should not) pass d.c, the alternative circuit shown in 
figure 18, should be used. 
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Figure 18 - Circuit for measurement of feedback capacitance C n 
(when the bridge cannot pass d.c.) 



Equivalent circuit 




Currant generator 



Current generator 



Vn 



Figure 19 - Equivalent circuit 
Evaluation of the equivalent circuit for V n = yields: 

6.11.3 Circuit description and requirements 

Capacitances <uCi should be much larger than \y fS \ and ®Ci much larger than I y os I . 

Resistor R?. the value of this resistor should not be too high. It may be preferable to shunt it 
by an adequate inductance L 

6.11.4 Preca utlons to be observed 

See general precautions. 



43 



IS 14901 (Part 8): 2010 
IEC 60747-8 : 2000 

6.11.5 Measurement procedure 

With no device in the measurement socket, the bridge is initially balanced. 

The device is inserted into the measurement socket and the operating point adjusted to the 
specified values Vds and Vqs (or 1$). 

The bridge is again adjusted for balance. The reading of ye for this adjustment minus the 
reading of the initial adjustment yields: 

yrs = 9rs + JfflCrs 

6.11.6 Specified conditions 

- Drain-source voltage. 

- Gate-source voltage or drain current. 

- Frequency of measurement. 

6.12 Noise (types A, B and C) (F, V n ) 

6.12.1 Purpose 

To measure the equivalent input noise voltage or noise factor, under specified conditions. 

6.12.2 Equivalent Input noise voltage 
6.12.2.1 Circuit diagram 

A circuit in accordance with the block diagram shown in figure 20 should be used. 
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Figure 20 - Block diagram for the measurement of equivalent input noise voltage 
Figure 21 shows an example of a circuit in accordance with that block diagram. 
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P,, P 2 = push-buttons 
Figure 21 - Circuit for the measurement of equivalent input noise voltage 

6.12.2.2 Circuit description and requirements 

The frequency of the generator should be adjusted to be the centre frequency of the selective 
amplifier. The output voltage should be adjusted in such a way that the input voltage to the 
transistor is high compared with the noise voltage, but low enough to avoid overloading of the 
device. 

The voltage dividing ratio of the voltage divider (f?2, ^i) should be known. 

For the bias source, special care should be taken to achieve low-noise biasing (especially 
important for the gate bias). 

All resistors that might deliver noise to the circuit should be of a low-noise type (e.g. metallic 
film resistors). 

A neutralization network should be used, when appropriate. 

Adequate shielding to minimize the influence of external electromagnetic fields should be 
provided, when appropriate. 

The amplifier should be linear up to a level of at least 20 dB higher than the r.m.s. noise 
value, so that noise peaks are correctly amplified. 

The second stage noise should be as low as possible. The noise level measured with the 
device removed from the circuit should be at least 15 dB lower than that measured with the 
device in the circuit. 

The output voltmeter should measure the true r.m.s. value. 

The equivalent noise bandwidth should be accurately known. 

C0C3 should be much larger than 1/R 3 and coC 2 much larger than MR 2 . 
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6.12.2.3 Precautions to be observed 

See general precautions. 

6.12.2.4 Measurement procedure 

The device is inserted into the measurement socket and the operating point Is adjusted to the 
specified values of Vbs ar, d Vgs ( or k)- 

The input voltage Vj is adjusted to a suitable value (e.g. 0,1 V). 

With switch S in position 1, the output voltage I/ 1 is measured, after proper adjustment of the 
gain of the amplifier. 

With switch S in position 2, the output voitage V o2 is measured. 
The noise voltage is given by: 

" Vol «l + *2 

6.12.2.5 Specified conditions 

- Ambient or reference-point temperature. 

- Values of resistors /?i and R 2 . 

- Drain-source voltage. 

- Gate-source voltage or drain current. 

- Frequency of measurement and bandwidth. 

6.12.3 Noise factor 

All methods of measurement for bipolar transistors (see 6.1.14 of IEC 60747-7), are applicable 
for field-effects transistors. 

6.12.4 Relation between equivalent input noise voltage and noise factor 

If a resistor Rg Is inserted between the input terminals, the overall rMteirvoffage is given by: 



Vnto! = ^V r 2 +4*7R g A/ 
From this, the general formula for the noise factor yields: 



F - h 2 + 4kTR ov 

" \ 4kTRgAf 
The formula for \Z ntot yields a possibility for measuring V n directly. 



The generator is disconnected from the circuit and R2 Is 



With Rg short-circuited, the resulting output voltage Is rnaaaifl 
removed and R g is adjusted to yield an output voltage twice 

Then: 
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6.13 y-parameters (types A, B and C) 



Some of the low frequency and intermediate frequency y-parameters can be measured, as 
indicated in this standard. For the y-parameters for high frequency, all methods of 
measurement for bipolar transistors (see 6.1.13 of IEC 60747-7} are applicable for field-effect 
transistors. 

6.14 Switching times (types A, B and C) (f on , t n) 

6.14.1 Purpose 

To measure the various switching times, under specified conditions. 

6.14.2 General 

As a rule, the turn-on time (^n) and the turn-off time ((off) should be measured as the 
switching times. Unless otherwise specified, the common-source configuration is used. 

6.14.3 Circuit diagram 




Dual-beam 
oscilloscope 



% 



7?zr 



Figure 22 - Circuit for measurement of switching times 

6.14.4 Circuit description and requirements 

The internal resistance of the bias supply Vqq should be smaller than 0,01 R g , where R g is 
the equivalent internal resistance of the pulse generator. The internal resistance of the bias 
supply Vqd should be smaller than 0,01 Ri. 

The pulse width of the pulse generator should be much greater than the turn-on and the turn- 
off times of the device to be measured; the duty cycle should be low (about 1 %). 

The rise and fall times of the pulse should be less than 0,25 of the rise and fall times of the 
device to be measured. 

A double-beam oscilloscope should be used; its rise time should be less than 0,25 of the rise 
time of the device to be measured. 
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6.14.5 Precautions to be observed 

See general precautions. 

6.14.6 Measurement procedure 

The device to be measured is inserted into the measurement socket. The voltages vqg ar| d 
Vdd are adjusted to the specified values. 

The specified input voltage V p is applied by means of the pulse generator. 

The input and output waveforms are displayed on the oscilloscope and the turn-on and the 
turn-off times are measured in accordance with figure 23. 
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Figure 23 - Waveforms in the measurement of switching times 

6.14.7 Specified conditions 

- Ambient or reference-point temperature. 

- Supply voltages. 

- Values of R L and C L . 

- Input pulse conditions: 

• amplitude V p ; 

• duration; 
repetition frequency; 

• rise and fall times. 
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6.15 Static drain-source on-state resistance (rftSon) or drain-source 
on-state voltage (Vbson) and orf * state resistance (rosoff) 

6.15.1 Purpose 

To measure drain-source on-state resistance or drain-source on-state voltage, and off-state 
resistance, under specified conditions. 

6.15.2 General 

As a rule, r DSon and /^soff are expressed in terms of d.c. resistance, under conditions of 
saturation and cut-off respectively, as shown in figure 24. Unless otherwise specified, the 
common-source configuration is used. 




'DS on 



' DS off 
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Figure 24 



6.15.3 Circuit diagram 
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Figure 25 - Circuit of measurement for on-state and off-state resistance 

6.15.4 Circuit description and requirements 

The internal resistance of the voltmeter should be much higher than the on-state and off-state 
resistances to be measured. 

6.15.5 Precautions to be observed 

See general precautions. 
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6.15.6 Measurement procedure 

6.15.6.1 On-state and off -state resistances 

The device to be measured is inserted into the measurement socket; Vrjs and vqs are 
adjusted to the specified values. 

The drain current fo is measured, and the on-state and off-state resistances are calculated by 
means of the following equations: 

. _ Mjsi 

nDSon ; — 

'D1 

_ _ ^DS2 

fbsoff ; — 

'D2 

6.15.6.2 Drain-source on-state voltage 

The device to be measured is inserted into the measurement socket; Vq$ and fa are adjusted 
to the specified values. 

The measured value of Vqs is then the required value of the on-state voltage. 

6.15.7 Specified conditions 

- Ambient or reference-point temperature. 

- Drain-source voltage or drain current. 

- Gate-source voltage. 

6.16 On-state drain-source resistance (under small-signal conditions) (r ds ( on j) 

6.16.1 Purpose 

To measure the on-state drain-source resistance, by means of a low-frequency bridge. 

6.16.2 Circuit diagram 
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Figure 26 

6.16.3 Circuit description and requirements 
The bridge should be able to pass d.c. 

For type B and C devices, the case and/or substrate should be connected to the source. 
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6.16.4 Precautions to be observed 

See general precautions. 

6.16.5 Measurement procedure 

The bridge is first balanced without the transistor. 

The transistor is then inserted into the measurement socket and the gate-source voltage is 
adjusted to the specified value. The bridge is rebalanced, and the value of the on-state 
resistance is read from the bridge. 

6.16.6 Specified conditions 

- Drain-source voltage (equal to zero). 

- Gate-source voltage. 

- Frequency (1 kHz, unless otherwise specified). 

NOTE The bridge may be replaced by an a.c. voltmeter, a.c. ammeter and signal generator, if desired. 

6.17 Scattering parameters s 

See subclause 6.1 .13.6 of IEC 60747-7. 

6.18 Channel-case transient thermal impedance (Z tnJC ) and thermal 
resistance (Rthjc) °f a power field-effect transistor 

6.18.1 Purpose 

To measure the channel-case transient thermal impedance and channel-case thermal 
resistance of a power field-effect transistor. 

This method cannot be used if an isolation material is used having a varying temperature 
coefficient, e.g. beryllium oxide. 

6.18.2 Cooling method 

6.18.2.1 Principle of the method 

As a temperature-sensitive characteristics, the forward voltage of the inverse diode (Vsd in 
figure 27) is chosen to be measured at a fixed reference current {/^ in figure 27). After a 
heating current has been applied and thermal equilibrium is established, the heating current is 
switched off. During the following cooling period, V SD and the case temperature are recorded 
as a function of time. From the recorded values and the initial heating power, the values of 
^thjc and fftwc are determined by means of a calibration curve. 
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6.18.2.2 Circuit diagram 



Inverse 
diode 




T = transistor being measured (MOSFET or JFET) 
(Example: n-channel enhancement MOSFET) 

Figure 27 - Circuit diagram 

6.18.2.3 Circuit description and requirements 

Vqq = adjustable voltage source 



_.. , L1 , set to obtain the intended heating power P(H) 

V DD = adjustable voltage source J 

/m = reference (direct) current generator 

Si, S2 = synchronous switches 

Ma, Mb = recording equipment (e.g. dual-beam oscilloscope) to record Vqs ar, d h or Vsd 
and / M 

R\_ = limiting resistors for drain current /q 

Rq = protective resistor 

/?S = measuring resistor for Iq and /m 

6.18.2.4 Precautions to be observed 

Care must be taken that the drain-source channel is not conducting when the forward voltage 
of the inverse diode is measured. In the example, this is reached by setting Vq$ equal to 
zero. Make sure that switch S 2 is in position 1 before St is switched to position 1. 

The change-over time of switches Si, S 2 shall be short enough so that Zt n jc can, (at least by 
interpolation back to t = 0), be measured for the shortest required cooling period t- 

/m should be sufficiently small so that the corresponding power F(M) = /m - Vsd ' s relatively 
small compared to the heating power P(H) = Iq ■ Vbs or may even be neglected (see equation 
(1) in 6.18.2.5). 
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6.18.2.5 Measurement procedure 



A thermosensor is fixed at the reference point of the transistor being measured to measure its 
case temperature T c . 

A calibration curve is established as follows: the transistor is externally heated to rising step 
values of case temperature 7" c *. At each step, after thermal equilibrium has been reached, the 
forward voltage of the inverse diode Vsd is measured. From the measured values, the 
calibration curve T c * = /{Vsd) is established. 

With the switches in position 2, the heating power P(H) = / D • l/bs is set to the intended value, 
and this setting is subsequently maintained. P(H) is recorded. 

After thermal equilibrium has been reached, the case temperature F c (0) and the forward 
voltage of the inverse diode Vs D (Q) are recorded. 

Switching back to position 1, the heating process is interrupted, and the courses Vsd(0 and 
T c {t) during the cooling process are recorded. 

By means of the calibration curve, the recorded values of Vsd(O) and Vsd(0 are converted to 
the corresponding values of T c *{0) and 7 c *(f) respectively. 

The channel-case transient thermal impedance after a particular cooling period f c is 
calculated as: 



[7 C * (0) - 7 C * (f c )] [7 c «(0)-7 c (f c )] 



Zthjc( ' c) = P(H)-P(M) {1) 

where 

7 C *(0), 7 c *(k) are the values taken from the calibration curve for Vsd(O) and V SD (f c ); 

7 C (0), 7 c (k) are the values of T c at f = and t = C c respectively; 

P(H) = Iq Vqs is the heating power in position 2; 

P(M) = /m Vsd is * ne measuring power in position 1. 

The channel-case thermal resistance R^jc is the value finally reached of Zthjc after the cooling 
period is settled, i.e. thermal equilibrium has again been reached. 

6.18.3 Heating method 

6.18.3.1 Principle of the method 

As a temperature-sensitive characteristic, the forward voltage of the inverse diode (Vsd in 
figure 28) is chosen to be measured at a fixed reference current {/m in figure 28). Starting 
from thermal equilibrium at heating current zero, a heating current is applied to specified 
values of heating power and duration. The values of Vsd and of the case temperature are 
measured just before and after the application of heating current. From the measured values 
of Vsd. the channel temperature may be determined from the calibration curve. The values of 
ZthJC an d S^hJc ma y then be calculated using the values of heating power, channel temperature and 
reference-point temperature. 
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6.18.3.2 Circuit diagram 

Same as in 6.18.2.2. 

6.18.3.3 Circuit description and requirements 

Same as in 6.18.2.3. 

6.18.3.4 Precautions to be observed 

Same as in 6.18.2.4 but with reference to equation (2) in 6.18.3.5. 

6.18.3.5 Measurement procedure 

A thermosensor is fixed at the reference point of the transistor being measured to measure its 
case temperature 7~ c . 

A calibration curve is established as described in 6.18.2.5. 

With the switches in position 2, the heating power P(H) = fo vfas is set to the Intended value 
and this setting is subsequently maintained. P(H) is recorded. 

The heating power is switched off by switching back to position 1. 

When thermal equilibrium has been reached, the case temperature T c (0) and the forward 
voltage of the inverse diode Vsd(0) are recorded. 

By switching first to position 2 and then back to position 1, the heating power is applied for 
the intended heating period t^. 

Immediately after having switched back to position 1, the case temperature T c (f h ) and the 
forward voltage of the inverse diode Vsd(^) are recorded. 

By means of the calibration curve, the recorded values of Vsd(0) and VsdCii) are converted to 
the corresponding values T c *(0) and T c *(f h ) respectively. 

The channel-case transient thermal impedance for the heating pulse duration fh is calculated 
as: 

Zthjc( ' h) m-pm ( 

where 

7"c*Ch). T c *(0) are the values taken from the calibration curve for Vsd(4i) and ^ s °{°) 
respectively; 

TcCh). T a [0) are the values at t = /f, and f = respectively; 

P(H) = Iq Vbs is the heating power in position 2; 

P{M) = fa Vsd is the dissipation in position 1. 

The channel-case thermal resistance RthJC is the value finally reached of Z t hjc when the 
pulse duration is long enough to reach the new thermal equilibrium. 
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6.19 Verification of the forward-bias and reverse-bias safe operating area 
(FBSOA, RBSOA) 

6.19.1 Verification of the forward-bias safe operating area (FBSOA) 

6.19.1.1 Purpose 

To verify the forward-bias safe operating area of a case-rated power field-effect transistor 
under specified conditions with non-inductive load. 

6.19.1.2 Circuit diagram 




T = transistor being measured (MOSFET or JFET) 
Figure 28 - Circuit diagram 

6.19.1.3 Circuit description and requirements 

vgg. ^dd = adjustable voltage sources 

R G1. R G2 = 10 kQ or as specified 

R s = non-inductive resistor for measuring /□ 

S = electromechanical or electronic switch to obtain the specified sequence of 

current pulse 

Ma. Mb = instrument (e.g. dual-beam oscilloscope) for measuring Vqs ar >d fc- 

6.19.1.4 Test procedure 

The case temperature is set to the specified value. 

With the switch operating with the specified pulse duration and duty cycle, Vqq and/or Vqq 
are increased until the specified pulse values for vbs and 'd ar e reached. 

Under these operating conditions, the device being measured is operated for the specified 
duration of the test, or for the specified number of pulses, as appropriate. 

Verification of the FBSOA rating is obtained from the post-test measurements. 

The device is considered defective if at any instant during the test the drain-source voltage 
collapses or oscillates during the fall of the current pulses. 
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6.19.1.5 Specified conditions 

- Case temperature 7" c . 

- Drain-source voltage Vps- 

- Drain current /q. 

- As specified, either d.c. operation or repetitive pulse operation, or a combination of these 
conditions. 

- Pulse duration f p and duty factor 5 as appropriate. 

- As specified, either duration of the test or number of test pulses. 

- Rqi. ^G2 if other than 10 kn. 

- Post-test measurement limits. 

6.19.2 Verification of the reverse-bias safe operation area (RBSOA) 

6.19.2.1 Purpose 

To verify the reverse-bias safe operation area of a case-rated power field-effect transistor 
under specified conditions with inductive load. 

6.19.2.2 Circuit diagram and test waveforms 




Vo 



$$*-> Q% 



T = transistor being measured (MOSFET or JFET) 
Figure 29 - Circuit diagram 
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Figure 30 - Test waveforms 



6.19.2.3 Circuit description and requirements 

D = clamping diode 

L = inductive load 

^GG1. V<3G2. Wjd = adjustable voltage sources 



Vkk 

Rd. "g2 

Rs 
s 

M A> M B 



= adjustable voltage source for the clamping voltage Vj< 

= 10 kfl or as specified 

= non-inductive resistor for measuring fa 

- electromechanical or electronic switch to obtain the specified sequence 
of current pulses 



= instrument (e.g. dual-beam oscilloscope) for measuring Vqq and Iq 
6.19.2.4 Test procedure 
The case temperature is set to the specified value. 

With the switch opened, the clamping voltage V K and the negative gate bias voltage VQG2 are 
set to their specified values. 

With the switch operating with the specified pulse sequence {tp and 5), Vggi and/or Vod are 
increased until the peak value of the drain current and the drain-source voltage reach the 
specified values /dm and Vps respectively. 

Under these operating conditions, the device under test is operated for the specified duration 
of the test, or for the specified number of pulses, as appropriate. 
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Verification of the RBSOA rating is obtained from the post-test measurements. 

The device is considered defective if, at any instant during the test, the drain-source voltage 
collapses or oscillates during the fall of the current pulses. 

6.19.2.5 Specified conditions 

- Case temperature T c . 

- Drain-source voltage Vps- 

- Negative gate bias voltage I/qg2- 

- Peak value of drain current /dm- 

- Clamping voltage */«. 

- Inductance L. 

- As specified, either d.c. operation or repetitive pulse operation, or a combination of these 
conditions. 

- Pulse duration f p and duty factor 6 as appropriate. 

- As specified, either duration of the test or number of test pulses. 

- /? G1> /?Q2 if other than 10 kQ. 

- Post- test measurement limits. 

7 Acceptance and reliability 

7.1 Electrical endurance tests 

7.1.1 General requirements 

Clause 2, chapter VII, section three, of IEC 60747-1, which has the same title, is valid. 

7.1.2 Specific requirements 

7.1.2.1 List of endurance tests 

A choice of endurance tests is given in table 2, which are applicable for all subcategories of 
bipolar transistors. 

7.1.2.2 Conditions for endurance tests 

Test conditions and test circuits are listed in table 2. The relevant specification will state 
which test(s) will apply. 

7.1.2.3 Failure-defining characteristics and failure criteria for acceptance tests 

Failure-defining characteristics, their failure criteria and measurement conditions are listed in 
table 1. 

NOTE Characteristics should be measured In the sequence in which they are listed in this table, because the 
changes of characteristics caused by some failure mechanisms may be wholly or partially masked by the influence 
of other measurements. 

7.1.2.4 Failure-defining characteristics and failure criteria for reliability tests 
Under consideration. 
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7.1.2.5 Procedure in case of a testing error 



When a device has failed as a result of a testing error (such as a test equipment fault or 
measurement equipment fault, or an operator error), the failure shall be noted in a data record 
with an explanation of the cause. 

Table 1 - Failure-defining characteristics for acceptance after endurance tests 





Types A and B 


TypeC 


Acceptance criteria 


0.8 LSL < V GSoft <1,2USL 


0,8 LSL < Vgsjto)* 1.2 USL 


0,9 LSL < »»< 1,1 USL 


0.9 LSL < ft* < 1.1 USL 


0.9LSL</ DSS < 1.1 USL 


0,9 LSL < / D and/or r DS(on) <1,1 USL 


Non-operatives 


^Wr^ V GSoff max. 


Vbs<TO) * 0.1 v 'gs(to) mi ri' 


fess* 10/ os3 max. 


Iq$s> 10 / QS3 max. 


NOTE 

USL = upper specification limit 
LSL = lower specification limit. 



Table 2 - Conditions for the endurance tests 



Device 
categories 



Tests 



Operating conditions 



Current 



Voltage 



Temperature 



Test circuits 
(note 2) 



Remarks 



Power field- 
effect 
transistors 
for amplifier 
and 

switching 
applications 



Operating 

life 



f^lWK. 



(note 3) 



Vos = 

0.8 V os 

max. 

(note 1) 



(note 4) 




T - tnmtilBf balng nwourvd 



"DD 



2 V, 



OS 



R S = ^ 

R Q = 10 kQ 

preferably 

(note 5) 



NOTE 1 Test conditions shall be within the safe operating area if one Is specified. The voltage is to be lowered below 
0,7 V os max. only as much as necessary to remain within the safe operating area. 

NOTE 2 Change circuit appropriately for other types of FETs than n-channel enhancement type. 

NOTE 3 See subclause 2.1.5, chapter VIII, section three, of IEC 60747-1. 

NOTE 4 See subclause 2.1.3, chapter VIII, section three, of IEC 60747-1. 

NOTE 5 In order not to exceed V DS max., a clamping circuit may be added to limit V DS . 
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